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Abstract. This paper presents the technological results of rearing the Russian sturgeon 
(Acipenser guldenstaedti, Brandt, 1833) larvae in the conditions of the reproduction station from 
Issacea branch of S.C. Kaviar House S.R.L. Growth performance of these hatched-produced larvae 
was assessed after 32 days of rearing experiment on three different diets (live, artificial and mixed 
food). The gained results confirmed the possibility of a reasonable growth (specific growth rate of 
9.63 %BW/d and daily growth rate 34,4 mg/d) and feed utilization (feed conversion ratio equal to 
2.28), in the context of maintaining a good body condition (average k factor equal to 1.36±0.23), for 
the fish group fed on artificial diet. The low survival rate showed however that not all larvae are fully 
equipped and adapted to process hydrolyzed fodder. A model equation for quantifying sturgeon 
growth in this early life stage was established.  
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INTRODUCTION 
 
Maintain integrity of wild sturgeon cohorts from Romanian sector of Danube is 
currently an objective of public interest and the policy for their protection has led to the 
establishment of temporary special measures to ban commercial fishing and promote 
aquaculture as a measure to reduce anthropogenic pressure by over fishing and restocking 
programs of the Danube with sturgeon fry. 
Currently, in the Romanian waters are found 3 species of migratory marine sturgeons, 
namely: beluga (Huso huso Linnaeus, 1758), Russian sturgeon (Acipenser gueldenstaedtii 
Brand, 1833) and stellate surgeon (Acipenser stellatus Brand, 1833), as well as sedentary 
fresh water specie, the sterlet (Acipenser ruthenus Linnaeus, 1758).  Other sturgeons that we 
can find only in aquaculture environment are: the bester, an artificial hybrid between the 
female of the beluga and the male of sterlet, the American planktonophagous paddlefish 
(Polyodon spathula, Walbaum, 1792), a fresh water sturgeon acclimated in Romania in 1992, 
and newly introduced Siberian sturgeon (Acipenser baerii, Brand, 1869).  
Aquaculture of sturgeons can help in the conservation of declined wild populations 
through restocking and by providing a consistent supply without exploiting them (Memis et 
al., 2009). 
In Romania, in the last years, many researches dealt with sturgeon aquaculture in the 
way of increasing production, developing technologies or introducing new species (Vasilean 
et al., 2009; Docan et al., 2008, 2011).   
In order to overcome the fast decline of sturgeon’s population, the aquaculture 
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technologies for reproduction and fry rearing must be though enhanced. Likewise, the 
development of different feeding strategies for larvae and fry depending on their destination 
restocking or intensive production is required. 
The present paper deals with technological aspects, specially the adaptation to the 
artificial diet, during the alevin period of Russian sturgeon, Acipenser gueldenstaedtii. Some 
data suggest that the animals are more “prepared” physiologically and anatomically to accept 
and assimilate the more natural diet than the prepared diet during the early life stages (Linberg 
and Doroshov, 1986). However, in more recent studies, results of rearing experiments with 
some sturgeon species (Acipenser baerii, Acipenser transmontanus, Acipenser naccarii) have 
demonstrated that artificial larval diets can be successfully used for intensive commercial 
culture (Gisbert and Willot, 1997; Oprea and Oprea, 2008). Larval rearing, however, requires 
some attention because it might be considered as the end step of reproduction, the final test of 
the quality of the gametes (Willot et al., 2001). The objective of the present paper is to 
evaluate and compare the main technological indices for different diets (natural, mixed and 
artificial) used for Russian sturgeon larvae culture. 
 
MATERIALS AND METHODS 
 
Experimental design. In total, 12000 specimens of Russian sturgeon larvae were 
cultured in two replicates of three variables (3 x2 x 2000 individuals) in fiberglass tanks with 
a volume of 400 l/tank. For the present experiment have been used larvae in the 44th stage of 
development (192 hours from hatching) which were reared for 36 days.   
One set of experimental fish (ND–Natural Diet) was supplied with natural feed 
represented by 75% Tubifex and 25% freshwater zooplankton, the second set of experimental 
fish was supplied with artificial diet (AD-Artificial Diet) and the last set was supplied with 
mixed diet (MD –Mixed Died). 
For the natural diet the feeding ratio was approximately 100%BW/day. For artificial 
diet a commercial fodder with 58% protein (Tab.1) was used in a ratio of 20%/BW/day in the 
first 15 days followed by a gradual reduction to 4%/BW/day in the last 6 days of the 
experiment. The reduction consisted in lowered ratio with 2%/BW every 2 experimental days.  
 
Tab. 1 
Biochemical composition of the fodder Nutra 4 (0,3 mm) 
 
Biochemical composition Quantity 
Protein % 58 
Fat % 12 
Fiber % 0.9 
Ash % 9,8 
Phosphor % 1,5 
Vitamin A -UI 14000 
Vitamin D - mg 2200 
Vitamin E -mg 240 
Vitamin C –mg 1000 
Cu -mg 8,5 
 
 
For mixed diet (MD) have been used the following scheme: 
Σ(Xn)=Fnz + Fnb + Fna % 
       where, Xn-feeding period (n-days); Fnz-natural zooplanktonic feed;  
      Fnb-natural benthonic feed; Fna-artificial feed. 
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For each period have been used a different percentage in mixed diet, thus: 
 
X3  Fnz – 5%;  Fnb – 85%;  Fna – 10% 
X5  Fnz – 5%;  Fnb – 60%;  Fna – 35% 
X8  Fnz – 5%;  Fnb – 45%;  Fna – 30% 
X20 Fnz – 5%;  Fnb – 10%;  Fna – 85% 
 
The feeding frequency was established similarly for all three variants, namely six 
times/24 hours.  
 
Environmental conditions. The favorable environmental conditions in tanks were kept 
by continuous water supply. Water supply system used was an open system, configured to 
assure for each tank independent management. Technological water supplied for the six 
rearing units was prior filtrated mechanically using a Crystal filter (20 m3) filled with silica 
particles and disinfected by U.V. filtration. 
Basic hydrochemical parameters were monitored in daily basis and kept in optimal 
range for the specie and stage of development. 
Fish Examination. Individual measurements of fish total length (TL) and weight (W) 
of all specimens to the nearest mm and g, respectively, were performed in the beginning and 
in the end of the experiment. Total length (TL) was defined to be the distance from the tip of 
the snout to end of the upper lobe of the tail. 
The specific growth rate (SGR) was calculated using the following formula: SGR 
(%/day)=100x(lnWt-lnW0)/t where Wt and Wo represent final and initial mean body weights 
and t is the growing period in days. Food conversion ratio (FCR) was calculated: FCR=Total 
feed intake (kg)/weight gain (kg). Each day, dead larvae were removed out of the tanks and 
recorded.  
Percent mortality was determined by hand-counting all dead fish. Growth, SGR, 
condition factor, and mortality between experimental tanks on different periods were tested to 
analysis of variance (ANOVA, 95%CL). 
 
RESULTS AND DISCUSSION 
 
In general, the parameters reflecting the technological water quality remained within 
the normal range, with occasional variations for the concentration of dissolved oxygen and 
organic matter.  
The main physical and chemical environmental factors were monitored continuously 
to ensure proper and similar growth conditions for larvae from all treatments and replicates. 
Thus, dissolved oxygen varied between 6 and 8.3 mg/l in all experimental variants, pH ranged 
from 7.2 to 7.8 and the temperature fluctuated between 17-22.90C without significant 
differences (ANOVA, p<0.05) within experimental groups for any of the above factors. 
Regarding the average nitrogen compounds they were kept under limits due to low 
hydraulic retention time. The central objective of the present experiment consisted in the 
evaluation of the impact of formulated diet comparing with live diet on growth performance 
and survival of sturgeon larvae in the conditions of maintenance of optimal environmental 
parameters imposed by the requirements of the studied specie.  
The analysis of technological indices reveled slightly differences between diets, 
reflected both in the efficiency of nutrient recovery and the achieved survival rates (Tab. 2). 
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Tab. 2 
Growth performance of Russian sturgeon larvae under different feeding regimes (natural feed -ND,  
artificial feed-AD and mixed feed-MD) 
 
Technological indices ND AD MD 
Feed (g) 35080 5471 28150 
Initial biomass (g) 160.00 160.00 160.00 
Initial number of larvae 4000 4000 4000 
Final number of larvae 2620 2000 2400 
Initial mean weight (mg) 40±0.07 40±0.06 40±0.063 
Final biomass (g) 3668 2560 3312 
Final mean weight (mg) 1400±0.08 1280±0.1 1380±0.09 
Individual weight gain (mg) 1360.00 1240.00 1340.00 
Total weight gain (g)  3508.00 2400.00 3152.00 
Specific growth rate- SGR (% BW/zi) 9.88 9.63 9.84 
Daily growth rate- DGR (mg/zi) 37.778 34.444 37.222 
Feed conversion ratio FCR (g/g) 10.00 2.28 8.93 
Survival rate (%) 65.50 50.00 60.00 
 
Average individual initial weight of larvae was 40±0.04 mg. As can be seen in Figure 
1 average of individual weight recorded in the following experimental stages made little 
difference between the compared variants, in the end of the experiment, fry from the first 
variant (ND) recording an average individual weight of 1400 mg compared with groups fed 
exclusively with formulated diet (AD) and those receiving both, live food (MD) and fodder 
(AD), in these treatments the average individual weight being significantly lower, 1280 mg 
and 1380 mg, respectively. Statistical comparison between the average individual weight of 
the three experimental groups emphasized however significant differences (ANOVA, 
p<0.05), Bonferoni posthoc analysis positioning AD and MD treatments in a distinct subset 
different from ND treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Variation of the average individual weight of sturgeon larvae fed exclusively  
with natural food (DN), exclusively with artificial food (DA) or mixed (DM) during the experiment 
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Likewise, the final total biomass measured for the experimental treatment where 
natural food was given accounted the highest value, namely 3668 g compared with 
experimental variants, which received mixed diet and artificial diet where the average final 
biomass was 3312 g and 2560 g, respectively. 
Obvious differences between the three experimental variants were recorded on the 
final biomass is mainly due to significant differences (p<0.05) between average values of 
mortality during the experiment in all six tanks. As can be seen in Figure 2, greater biomass 
accumulation in the first experimental version (ND) was not achieved by cumulating 
individual gain, which showed significant differences between tested experimental variants 
(p>0.05), but by the presence of a considerably higher number of individuals found at the end 
of the study in this treatment (with 15.5% more than in AD and 5.5% compared with MD). 
In terms of feeding efficiency it may be considered that in all experimental treatments 
a good conversion factor, for this development stage, was found (2.28 for DA, 8.93 for DM 
and 10 to DN). The specific growth rate was comparable for all experimental groups: 9.63% 
BW/day for DA, 9.84% BW/day for DM and 9.88% BW/day for DN. Dabrowski et al. (1985) 
reported a specific growth rate up to 11.7% BW/day for sturgeon larvae fed exclusively with 
Tubifex, while Mohler (2000), by studying the growth of sturgeon larvae for 26 days with 
Artemia, found values of SGR between 4.9-11.1% per day. 
As a general rule, regardless of type of feed used, growth was slower in the first days 
compared with the second and last part of the experiment. 
 
 
 
Fig. 2. Individual weight gain, total weight gain and survival rate at the end of the trial 
 
 
Regarding the retention efficiency of nutrients from the given food, larvae of 
Acipenser guldenstaedti get an increase of body protein and fat, which is higher if they are fed 
exclusively on natural food, but reporting weight gain to the total administered protein, 
protein efficiency ratio is higher when using formulated diet. 
Based on the correlation of indicators characterizing sturgeon larvae feed efficiency in 
general, and proteins and lipids efficiency in particular, it appears that larvae fed with 
hydrolyzed proteins and lipids assimilate better the nutrients compared with groups fed with 
live feed exclusively or live feed in combination with formulated diet. In conclusion, 
hydrolyzed feed has a balanced biochemical composition, easily digestible and assimilable by 
the sturgeon larvae. 
 135
At the end of the experiment data were processed in order to develop a model of 
growth and determine an appropriate growth equation for sturgeon fry reared in open system 
(Fig. 3). 
Estimation of growth curve was done with "power" model defined by fish weight-
length relationship W=aLb. The model was assessed with ANOVA, which, in conjunction 
with the high degree of confidence in the regression line (R2=0.99), confirming the validity of 
the estimate. 
 
 
 
 Fig. 3. Growth model for Russian sturgeon reared up to 35 days 
 
Condition factor was calculated with the relationship K=W/Lb, where b, the allometric 
coefficient is estimated from length-weight regression. For the present experiment the 
condition factor took values from 1.13 to 1.63, averaging 1.41±0.16 for the ND group, 
1.38±0.19 for MD group and 1.36±0, 23 AD group. Comparison of mean values of CF for the 
three experimental variants had shown insignificant differences (ANOVA, p>0.05) among 
groups. 
During the rearing period of Russian sturgeon larvae, K values showed a decreasing 
tendency .The same results were found by Memis et al. (2009) the difference with our study is 
that the minimum k registered was considerably higher (1.13 comparing with 0.3). 
 
CONCLUSIONS 
 
Formulated diet can be successfully used in the early stages of larval development of 
Russian sturgeon with higher mortalities than feeding larvae with natural live diet or mixed 
diet in the transition to exogenous feeding period which is critical for sturgeon’s development. 
In terms of technological performance or fish condition have not been found 
significant differences among treatments. 
To increase the survival rate it is still recommended that, in the first days of exogenous 
feeding, to consider a gradual transition from live food to processed, hydrolyzed food, to 
which a large numbers of larvae are not mature enough or morphologically adapted to digest. 
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